A novel case where onchocercosis was identified as a cause of cervical myelopathy in the horse is described. A 15-year-old Connemara mare was euthanized due to progressive locomotion disturbance. Postmortem examination revealed soft-tissue swelling in the intervertebral joint capsule of C6-7 with narrowing of the vertebral canal. On light microscopy, axonopathy was pronounced in the corresponding segment of the spinal cord. Fibrous tissue and eosinophilic granulomas were found in the joint capsule, together with parasites identified histologically as Onchocerca sp.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Onchocercosis is a common nematode infection in horses. Onchocerca cervicalis and reticulata most often infest the dense connective tissue of the nuchal ligament and the ligaments of the extremities. 6, [9] [10] [11] 15 Onchocerca gutturosa also has been found in the loose connective tissue of the nuchal ligament. 9, 10 This report shows that Onchocerca sp. may infest vertebral joint capsules with subsequent myelopathy and ataxia in horses.
A 15-year-old Connemara mare was presented to the Department of Large Animal Clinical Sciences, Swedish University of Agricultural Sciences, in October 2003 with a history of a few months duration of stiffness in the hind quarters. Clinical examination revealed ataxia and hypermetria in both hind limbs. There were proprioception deficits and the neck was stiff when moved to the side, especially to the right. Neurological examination indicated cervical myelopathy. Radiography of the cervical spine revealed no abnormalities and cervical myelography was not performed. At follow-up, 6 weeks later, clinical signs had progressed. The prognosis was considered poor and the mare was euthanized.
At necropsy the cervical and proximal thoracic vertebral column was cut with a bandsaw transversely through the mid-part of each vertebral body. The remainder of the column was cut sagittally lateral as not to traumatize the spinal cord. At the level of C6-7 the vertebral canal was narrowed, primarily by a moderate thickening of dorsal intervertebral joint capsule ( Fig. 1 ) and ligamentum flavum. A mild thickening of the fibrous capsule of the intervertebral disc was also visible. Segments of the cervical and anterior thoracic spinal cord, selected areas of the lumbar and posterior thoracic spinal cord, and the vertebral segment C6-7 with its associated soft tissues, were removed intact and fixed in neutral formalin for histopathology. The remaining cervical and proximal thoracic vertebral column was macerated for further inspection, but no gross lesions were noted. Bilateral multiple erosions in the joint surfaces of the glenoid cavities of the shoulder joints and dental caries in a maxillary molar tooth were regarded as incidental findings.
Histopathologic examination was performed on paraffin sections of the soft tissues adjacent to C6-7 (fibrous capsule of the intervertebral disc, ligamentum flavum, capsule of the dorsal intervertebral joint and periosteum of articular processes) and the cervical, thoracic, and lumbar spinal cord. Sections were stained routinely with hematoxylin and eosin (HE). Special stains were used when found appropriate.
Light microscopy revealed prominent fibrous nodules in the dorsal intervertebral joint capsule and periosteum of the articular processes ( Fig. 2 ). Many nodules contained parasites, while others had a core of necrotic eosinophils, sometimes mineralized (evidenced by von Kossa staining), and often with a palisading granulomatous reaction ( Fig. 3 ). The nodules had an external zone of dense collagen with moderate infiltrates of lymphocytes, macrophages, and eosinophils. Their inner zone consisted of less dense but more cellular connective tissue with mainly fibroblasts and macrophages. Parasites were present in a central cavity lined by flattened fibroblasts originating from the inner zone. The ligamentum flavum and the fibrous capsule of the intervertebral disc showed moderate fibrosis with lymphocyte infiltration and neovascularization. In the skeletal muscle adjacent to the dorsal intervertebral joint capsule were moderate endomysial and perimysial infiltrates of eosinophils and lymphocytes.
Since there was no suspicion of a parasitic etiology at necropsy, worms were not searched for. As a consequence it was not possible to perform parasitological studies on whole intact worms for etiological diagnosis. With the aim to identify the parasite species, serial sections were cut from the joint capsule, some of which were stained with periodic acid-Schiff (PAS). The parasites were identified as nematodes based on a body wall with an outer cuticula and an inner hypodermal layer, muscles in the body cavity associated with the hypodermal layer, and relatively more muscle tissue compared to hypodermal tissue. 3 The presence of a small intestine, minimal lateral chords, coelomyrian musculature and uteri filled with microfilaries or eggs was compatible with nonprimitive species in the superfamily Filarioidea. The coelomyrian musculature was variably atrophic and the adult females had cuticular annulations, indicating Onchocerca sp. (Fig. 4 and 5 ). 3 On high magnification, 3 to 4 subcuticular striations between two adjacent annulations were discerned in adult females (Fig. 5 ).
Axonopathy with demyelination and frequent gitter cells, revealed with Luxol fast blue stain, was obvious in the cervical and thoracic spinal cord, while the lumbar area was unaffected. At the compression site (C6-7) axonal de-generation and gitter cell activity was severe in ventral and lateral tracts and moderate in dorsal tracts (Fig. 6 ). Axonopathy was mild to moderate anterior and posterior to the compression site, occurring mainly in ascending tracts anteriorly (region C5-6), and in descending tracts in posterior segments. The lesions were most pronounced at the level of C7 through T1 and minor at T2 through T18. Protozoa or other microbial agents were not found in the spinal cord or elsewhere.
According to Bain, 1975, 1 the most common number of striations between two adjacent annulations for Onchocerca varies for each subspecies: 1 in O. reticulata, 3 in O. cervicalis, and 4 in O. gutturosa. However, this is not a suitable criterion to use to differentiate between these 3 subspecies in tissue sections since the number of striations in O. cervicalis in horses has been shown to vary between 1 and 4 in different regions of the worm. 8 It is not possible to distinguish between O. cervicalis, O. reticulata, and O. gutturosa in tissue sections where only parts of the nematodes can be seen, and it is doubtful even from studies of whole worms whether O. cervicalis and O. reticulata really are two different subspecies. 8, 10, 13 Presence of the nominally bovine O. gutturosa in the lamellar part of nuchal ligament in horses has been described, but to a lesser extent than O. cervicalis and O. reticulata. As in cattle, the worms resided in the loose connective tissue surrounding the ligament and never penetrated into the dense connective tissue of the actual ligament. 8, 9, 10 In the present case the nuchal ligament was not examined since onchocercosis was not suspected. Based on the histology of the nematode we conclude that the subspecies is either O. cervicalis, O. reticulata, or O. gutturosa.
The findings in the spinal cord are consistent with cervical vertebral stenotic myelopathy. 5 In horses with cervical vertebral stenosis, narrowing of the canal is commonly caused by thickening of the soft tissues surrounding the vertebral canal. Soft-tissue swellings can be localized to the ligamentum flavum or the dorsal intervertebral joint capsule, sometimes with synovial cyst formation. These changes are often sequels to bone lesions such as malformed vertebrae, degenerative arthropathy, osteochondrosis, and subsequent osteophyte formation. 2, 4, 14 However, in this case the thickening in the dorsal intervertebral joint capsule and ligamentum flavum, that narrowed the vertebral canal, was not associated with bone lesions.
It is concluded that nematode-induced inflammatory changes and subsequent thickening of the soft tissues, primarily in the dorsal wall of the vertebral canal, caused compression of the spinal cord and wallerian degeneration consistent with cervical vertebral stenosis. 4, 5, 12, 14 To the authors' knowledge this is the first reported case where Onchocerca sp. has been identified as a cause of spinal cord compression and axonopathy. In a previous study of cases of equine cervical static stenosis, a parasitic etiology was suspected in one horse with eosinophilic granulomas in a vertebral joint capsule, similar to the lesions in the present case, but no parasites were found. 12 Cervical vertebral stenosis, caused by morphologic abnormalities in the vertebral canal, most commonly affect male, large breed horses at an age of 1 to 4 years. 4 In contrast, the present horse was an older, female pony. The age of the horse is in agreement with observations that onchocercosis in individuals younger than 5 years do not typically have apparent lesions, whereas fibrosis and mineralization develop over time. 7, 13 Although Onchocerca sp. are primarily located in the dense connective tissue of the funicular part of the nuchal ligament, presence of worms in its lamellar part may occur with high infestation. 10 With that in mind, it seems possible that worms infesting the lamellar part of the nuchal ligament may reach the intervertebral joint capsule. 
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